The applicability of equivalent SDOF model for the prediction of nonlinear peak response of multi-story asymmetric building subjected to bi-directional excitation is discussed in this paper. In the first part, the formulation of two independent equivalent SDOF models representing the first and second modal responses is summarized, and the critical conditions of which the asymmetric building should satisfy are discussed. In the latter part, nonlinear time history analyses of three four-story torsionally stiff (TS) and three torsionally flexible (TF) asymmetric buildings are carried out and these results are compared with the predicted results. The results show that the proposed procedure satisfactorily predicts the peak response displacement of a only TS asymmetric building. Therefore the applicability of equivalent SDOF model discussed in this paper should be limited to TS buildings. The classification of TS buildings can be made from the torsional index defined based on mode shape. -1783 - 
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Introduction
In designing of new buildings for earthquake resistance or when conducting seismic evaluations of existing buildings, horizontal ground motion is applied to each of the main orthogonal axes of the building. However, for seismic assessment of asymmetric buildings this procedure may be inadequate because the most critical direction of incidence of the seismic input, which would produce the largest response, may be different from the direction of the building's main orthogonal axes, and the major component of ground motion may act in any direction. To overcome this problem, the author has proposed a simplified procedure to predict predict the largest peak seismic response of an asymmetric building to horizontal bi-directional ground motion, acting at an arbitrary angle of incidence (Fujii, 2014) . In the proposed procedure, the accuracy is strongly depends on the two independent equivalent single-degree-of-freedom (SDOF) models which represent the first and the second modal responses. In this paper, the applicability of equivalent SDOF model for the prediction of nonlinear peak response of multi-story asymmetric building subjected to bi-directional excitation is discussed.
Outline of the simplified procedure
In the first part, the formulation of two independent equivalent SDOF models representing the first and second modal responses is summarized, and the two critical conditions of which the asymmetric building should satisfy are discussed. The first critical condition is that the building oscillates predominantly in a single mode in each set of orthogonal directions, and the second is that the principal directions of the first and second modal responses are almost orthogonal. Then these conditions are discussed by using a torsional index based on mode shape, R i , which is proposed previously by the author (Fujii, 2012 and 2013) .
In the latter part, the outline of the simplified procedure is summarized.
Numerical Example
In the numerical example, nonlinear time history analyses of six asymmetric buildings are carried out. Three of those are classified as torsionally stiff (TS) buildings while the others are classified as torsionally flexible (TF) buildings in elastic range based on R i . These results are compared with the results predicted by the simplified procedure. The results show that the proposed procedure satisfactorily predicts the peak response displacement of a only TS asymmetric building.
Applicability evaluation of equivalent SDOF model based on torsional index
The changes of the mode shape in nonlinear range of six buildings are investigated from the pushover analyses results. The results show that only three buildings which are classified as TS buildings during the whole response satisfy two conditions discussed in Chapter 2.
Conclusions
The applicability of equivalent SDOF model in the proposed procedure (Fujii, 2014) should be limited to the asymmetric building which is classified as TS buildings during the whole response. The classification can be made from the pushover analysis results by using torsional index defined based on mode shape. 
PREDICTION OF PEAK SEISMIC RESPONSE OF ASYMMETRIC BUILDINGS UNDER BI-DIRECTIONAL HORIZONTAL GROUND MOTION USING EQUIVALENT SDOF MODEL AND ITS APPLICABILITY
